The appropriate surgical strategy for patients with combined carotid and coronary artery disease remains controversial. We retrospectively compared our surgical results for 2 types of approaches in this disorder.
THE selection of a procedure still remains controversial in patients with combined significant carotid and coronary artery disease. Coronary and carotid artery diseases frequently coexist. The incidence of having significant carotid disease in patients undergoing coronary artery bypass grafting (CABG) has been reported as 22%. 1) In addition, significant carotid artery stenosis has been shown to be the most powerful predictor of perioperative stroke in patients undergoing cardiac surgery.
2) The risk of perioperative stroke in patients with severe carotid artery disease undergoing CABG has been reported as 14% and 4% per year for the first 4 years after operation. 3, 4) The management strategies for a patient presenting with concomitant surgical carotid and coronary artery disease include performing only carotid endarterectomy (CEA) or CABG, staged CEA and CABG, and simultaneous CEA and CABG. The relative risk associated with either approach is not known. The purpose of this study was to evaluate our early results in 76 consecutive patients who underwent one-stage carotid endarterectomy and coronary bypass surgery.
METHODS
A retrospective nonrandomized chart review was performed in patients who underwent two different types of surgical treatments for concomitant carotid and coronary disease at Kosuyolu Heart and Research Hospital between August 1993 and October 2004. A total of 76 patients underwent combined unilateral CEA/ CABG operations. There were 53 male (69.7%) and 23 female (30.2%) patients, aged 53 to 74 years (median, 62 years).
Group I was defined as 27 patients who underwent combined CEA/CABG using an off-pump technique. Group II was defined as 49 patients who underwent combined CEA/CABG using an on-pump technique. Preoperative screening and surgical strategy: Carotid Doppler was performed in all patients scheduled for CABG. The patients were admitted to the hospital with symptoms of cardiac disease only, their carotid artery occlusive disease was diagnosed incidentally on physical examination (history of neurological symptoms, a carotid bruit on auscultation or having a peripheral vascular disease) or during duplex carotid scanning. The severity of internal carotid artery stenosis was graded as less than 70% when the peak systolic velocity was less than 120 cm per second and the ratio of peak systolic velocity in the internal carotid artery and common carotid artery was less than 2, and 70% or more when peak systolic velocity was 120 or more and the ratio of peak systolic velocity in the internal carotid artery and common carotid artery was 2 or more. No patient had undergone carotid angiography. All patients having symptomatic or asymptomatic unilateral carotid stenosis and more than 70% stenosis or unstable plaquȩ Vol 46 No 5 morphology (regardless of degree of stenosis) by duplex ultrasound were offered unilateral CEA at the same time as their coronary revascularization. The symptomatic patients were those who presented with a history of transient neurological deficit, amaurosis fugax, or complete stroke at least 2 months before surgery.
There were 19 asymptomatic patients (70.3%) in group I and 35 in group II (71.4%, P = 0.924). Six patients (22.2%) in group I and 10 patients (20.4%) in group II (P = 0.855) had a history of transient neurological deficit. Stroke was seen in 2 patients (7.4%) in group I and in 4 patients (8.16%) in group II (P = 0.908). Cardiopulmonary bypass was used in all group II patients whereas in group I an off-pump technique was used. The decision to perform off-pump or on-pump was made at the time of operation and was based on history and clinical findings such as advanced age, presence of renal dysfunction and peripheral vascular disease, presence of an intramyocardial left anterior descending artery, presence of cardiomegaly and size, quality of coronary targets and extensive aortic arteriosclerosis. In addition, we generally perform an off-pump technique when Tables I and II . Surgical technique in group I patients: Carotid endarterectomy. The CEA was done after a median sternotomy and after harvesting the conduits; CABG followed thereafter. Both CABG and CEA were performed by the same surgical team. Carotid endarterectomy was performed via an incision anterior to the sternocleidomastoid muscle. The common carotid artery, internal carotid artery, and external carotid artery were exposed, and then, before clamping the carotid artery, 2 mg/kg of intravenous heparin was administered. The artery was opened through a longitudinal incision followed by an endarterectomy. The decision to use the shunt or not was based on collateral circulation (backflow in the internal carotid artery). The arteriotomy was closed either directly in 60 patients (78.9%) or by a saphaneous vein patch in 16 patients (21%). The neck incision was left open until the cardiac procedure was over and heparin reversal was done with protamine. Off-pump coronary artery bypasses were always performed through a median sternotomy. Following conduit harvesting, all distal anastomoses were performed with the aid of an Octopus tissue stabilization system (Medtronic, Minneapolis, MN) or an Immobilizer stabilization platform (Genzyme Surgical Products, Fall River, MA). Intracoronary shunts were not used in any patient. All proximal anastomoses were performed by a side-biting clamp in an area of ascending aorta deemed free of atherosclerotic disease. Surgical technique in group II patients: Similar to group I, the conduits for CABG were harvested before starting the neck dissection for exposing the carotid arteries. Once exposed, a half-dose of heparin (2 mg/kg) was administered and CEA performed. The neck wounds were left open until the heparin was reversed with protamine after CABG. Once the CEA was completed, the patient was fully heparinized (4 mg/kg) to achieve a target activated clotting time (ACT) of more than 450 seconds. Cannulation was performed and cardiopulmonary bypass was initiated by cooling to 30°C. A single aortic cross-clamp technique with cold blood cardioplegic arrest was used for coronary revascularization. The intraoperative variables are summarized in Table III . Postoperative data: The incidences of perioperative myocardial infarction, intensive care unit stay, complications, and early deaths were determined (Table  IV) . Follow-up: Follow-up ranged from 1 month to 11 years and was done at regular intervals in the out-patient department. Mean follow-up was 5.5 ± 3.3 years in group I and 5.2 ± 3.0 years in group II. Total follow-up was 399 patient-years. The results are summarized in Table V . During the immediate postoperative period the patient was maintained by the surgical team, which checked the neck wound for any hematoma or excessive drainage. In case there was any neurological damage once the patient was conscious, a neurology consultation was obtained to rule out any cerebral event. A neurologic event was defined as recognition of any new sensory or motor neurologic deficit and correlating symptoms with radiographic signs on a computed tomography scan of the head. Once dis- charged from hospital, the patients were followed-up at 2 months and 6 months, and at 1-year intervals at which time their cardiac and neurological statuses were evaluated. Statistical analysis: All values are expressed as the mean ± standard deviation.
The χ 2 test or Fischer's exact test, whichever was appropriate, was used to compare categorical data between two groups. The unpaired Student's t test was used to compare mean values. A P value less than 0.05 was considered to be statistically significant. Statistical analysis was performed using the SPSS statistical software package 11.5 for Windows (SPSS, Inc, Chicago, IL).
RESULTS
All patients who underwent combined CABG and CEA between August 1993 and October 2004 were studied retrospectively (n = 76). Twenty-seven patients underwent off-pump plus CEA and 49 patients underwent CEA along with conventional CABG. Patients were either asymptomatic, in whom significant carotid artery disease was detected during a routine examination, or presented with a history of transient ischemic attacks that resolved within 24 hours or stroke associated with focal or global cerebral dysfunction of presumed vascular origin that lasted more than 24 hours (Table I ). The coronary and carotid disease findings are shown in Table II anastomoses was 1.2 ± 0.4 in group I and 2.3 ± 0.5 in group II (P = 0.001). The difference in total operating time between the two groups was statistically significant (3.3 ± 0.3 hours in group I and 4.6 ± 0.4 hours in group II, P < 0.001). Table IV shows the postoperative outcome for all patients. The difference in total intubation time was statistically significant between the groups (7.6 ± 2.09 hours in group I versus 13.6 ± 2.13 hours in group II, P < 0.001). The cardiac intensive care stay was 21.4 ± 3.1 hours in group I and 25.1 ± 4.6 hours in group II (P < 0.001). The hospital stay was significantly less in group I (7.4 ± 1.9 days versus 25.1 ± 4.6 days, P < 0.001). No patient from either group I or group II had a stroke. A transient weakness was seen on the contralateral side in 1 patient in group II, but it resolved within 72 hours. Neck hematoma was detected in 1 patient in each group. These patients required reexploration and evacuation of the hematomas. No neck wound infection was seen. There was 1 death (3.7%) in group I and 2 deaths (4.8%) in group II. All patients had severe ventricular dysfunction (EF 25%) with unstable angina. All of these patients had preoperative IABP. CABG and CEA were performed successfully in all patients. One of these patients was from group I. He developed low cardiac output beginning day 1 postoperatively and did not respond to inotropic agents; he died on the seventh postoperative day. There were 2 deaths in group II, one of whom had advanced age with poor ventricular dysfunction (EF < 25). Postoperatively, he did well until the third day when cardiac and respiratory failure developed that did not respond to any medication or mechanical ventilation. The patient died on the eleventh postoperative day. The other patient developed low cardiac output on day 2, which persisted until the fifth postoperative day and was unresponsiveness to any medical intervention. The overall mortality rate was 3.9% (3/76). The difference in mortality rate between group I and group II was not statistically significant (P = 0.937).
Patient follow-up ranged from 1 month to 10 years, with a mean follow-up of 5.9 ± 3.4 years in group I and 5.4 ± 3.1 years in group II. The follow-up data are shown in Table V .
During the follow-up period, angina developed in 5 patients and 3 patients underwent coronary angiograms. One patient underwent vein graft angioplasty, and 4 patients were medically managed with cardiac medicines. There were no late deaths or strokes during the follow-up period.
DISCUSSION
Although the first description of a combined carotid endarterectomy and open heart surgery approach was reported by Bernhard and coworkers in 1972, 5) the choice of treatment for patients with significant carotid artery stenosis and coronary artery disease is still a dilemma. It is clear that the desired goal of all methods is to minimize neurologic complications and mortality. The options are simultaneous, staged, and reversed staged procedures. However, to date, no prospective randomized trial has been conducted for clarifying whether one procedure is safer than another. Therefore, the optimal strategy for management remains undefined and each centre must select and analyze its own treatment policy and compare the results with those described in other published reports. The advantages and disadvantages of each one of these methods have been well established regarding overall mortality and the incidences of myocardial infarction and stroke. Different authors have suggested a combined approach as the procedure of choice in concomitant carotid and coronary disease to avoid myocardial infarction and reduce neurologic deficits. [6] [7] [8] Combined one-stage CABG and CEA has advantages over the two-stage procedures, including shorter hospital stays, decreased exposure to anesthesia, and decreased costs. 9) Although an earlier study by Hertzer and colleagues 4) reported elevated stroke and mortality rates after the combined approach, many other large series have not reported the higher strokes and mortality rates found in earlier studies. 10, 11) On the other hand, there is an increased risk of myocardial infarction and death with no difference in stroke rates among patients undergoing staged procedures as reported by the European Carotid Surgery Trial and Brener and colleagues. 12, 13) We used the one-stage procedure in which combined carotid endarterectomy and coronary revascularization were performed under the same anesthesia since 1993. The incidence of major neurological complications after CABG has been reported to be between 1 and 6%. 14) Although several factors play significant roles in causing strokes in patients undergoing isolated coronary revascularization, carotid artery stenosis is Vol 46 No 5 an important, incremental risk factor. 15, 16) D'Agostino and coworkers estimated perioperative risk according to the degree of carotid stenosis as follows: < 2% with stenosis < 50%, 10% with stenosis 50%-80%, and 11-19% with stenosis > 80%. 17) On the other hand, a controversy still exists in the literature as to whether or not CEA is protective against stroke. The North American Symptomatic Carotid Endarterectomy Trial (NASCET) study showed that in symptomatic patients with 70-99% carotid stenosis, CEA decreased the 2-year rate of ipsilateral stroke from 26% (in medically treated patients) to 9%.
18) The Asymptomatic Carotid Atherosclerosis Study (ACAS) study demonstrated a reduction in total ipsilateral neurological events in patients with > 60% carotid stenosis from 18 to 7%, over a 5 year period. 19) These data demonstrated clearly the need for an aggressive surgical approach in patients with concomitant significant carotid and coronary artery stenosis. In 1991, Gugulakis, et al reported that the incidence of permanent neurologic deficit was 2.4% and the hospital mortality rate was 4.2% in 1444 patients who underwent various combined procedures. 20) Similarly, Daily and coworkers reviewed six studies and reported the rate of a permanent neurologic deficit was 4.5% and the hospital mortality rate was 4.9%. In addition, they reported the combined one-stage CABG and CEA has advantages over the twostage procedure, including a shorter hospital stay, decreased exposure to anesthesia, and decreased costs. 9) We believe that the rational approach for all patients who present with severe combined arterial disease is to perform one-stage combined CAE and CABG. In this context, one-stage operations can be done either simultaneously or staged procedures conducted. Although the results with the combined approach have been well documented, fewer studies report results with the staged approach.
10, 21, 22) However, no well-designed prospective randomized trial has clarified this in this surgically difficult group of patients.
In our hospital, we started CABG without CPB as a routine procedure in 1993. Since then, CEA using an off-pump technique has been routinely conducted in selected patients. We have only performed an off-pump procedure for coronary revascularization if the patient has a double or single-vessel disease including the left anterior descending and right coronary artery. Off-pump coronary artery bypass avoids CPB as one of the contributing factors for stroke. In addition, off-pump enables decreases in blood loss and blood and blood products, length of the intensive care unit stay, and hospital stay. 23, 24) Our approach using off-pump had a shorter intubation time, shorter intensive care unit stay, and shorter hospital stay (Table IV) . In all patients, we performed CEA before CABG in order to avoid hemodynamic disturbances in the carotid circulation while using the off-pump. The conduits were harvested before CEA. We do not use an intravascular shunt in order to prevent any possible embolus during insertion of the shunt. The carotid artery was closed by a primary suture technique in 60 patients (78.9%). We assessed the diameter of the carotid artery intraoperatively and if the diameter was sufficient we closed the artery using a primary suture technique. As Takach and colleagues 10) have reported, neither an intraoperative carotid shunt nor the patch closure of the carotid vessels was an independent predictor of stroke. We did not have any patient with a postoperative permanent stroke. Only one patient had transient recurrent laryngeal nerve paralysis and they recovered completely within 10 days with anti-inflammatory drugs.
Even considering that our series is relatively small in comparison with some other studies, our overall mortality rate (3.9%) compares favorably with those reported in the literature for patients managed using a simultaneous approach.
10, 25, 26) Recently, Mishra and coworkers reported that coronary artery bypass graft surgery performed using both cardiopulmonary bypass and offpump techniques combined with CEA showed equally good results with low morbidity and mortality. 27) In conclusion, concomitant one-stage CEA and CABG is a safe and effective technique for patients with significant carotid and coronary artery disease. Coronary artery surgery can be done safely with the off-pump technique particularly in patients with double or single-vessel disease coexisting with significant carotid artery stenosis. Both the off-pump and on-pump techniques can be performed equally early and good long-term results with low morbidity and mortality in patients who require CEA can be obtained.
